Non-penicillinase producing Neisseria gonorrhoeae isolated at St Mary's Hospital, London were examined for the prevalence of resistance to penicillin and for decreased susceptibility to cefuroxime. Of the 941 non-PPNG tested 100 (10-6%) were resistant to penicillin (minimum inhibitory concentration, MIC, > 1 mg/l) and were considered to be chromosomally-resistant N gonorrhoeae (CMRNG). Decreased susceptibility to cefuroxime (MIC, 0 O05 mg/l) was detected in 79% of the CMRNG. The CMRNG were also more often prototrophic and of serogroup IB than the remaining non-PPNG. The correlation coefficient for resistance to penicillin and cefuroxime was high, 0.79. Transformation experiments with both genetically-defined strains and transformants obtained using DNA from clinical isolates, showed that increased resistance to cephalosporins was acquired in three steps in close association with penicillin. We think this suggests that the loci controlling resistance to the cephalosporins are identical or closely linked to those controlling penicillin resistance.
Introduction
Since 1980, strains of N gonorrhoeae exhibiting chromosomal resistance to penicillin (minimum inhibitory concentration (MIC), > In Ngonorrhoeae, chromosomally-mediated resistance to penicillin is non-enzymic and results from the additive effects of mutations at several distinct loci.7' Mutation at the penA locus affects resistance to beta-lactam antibiotics only, while mutations at the mtr and penB loci are pleiotropic also increasing resistance to hydrophobic antibiotics and tetracycline respectively.8 In addition two mutations, pem and tem have been identified which induce further increases in resistance to penicillin by modifying the expression of penA and penA, mtr and tet respectively. 9 The mutations responsible for penicillin resistance such as penA'`also confer decreased susceptibility to second and third generation cephalosporins although this has not been studied extensively.
We have reported previously a close association between chromosomal resistance to penicillin and decreased susceptibility to cefuroxime amongst clinical isolates of non-PPNG from the Praed Street Clinic. 5 We are concerned that widespread use of second and third generation cephalosporins for the treatment ofgonococcal infection, although clinically justified, might exert selective pressure leading to increased prevalence of CMRNG. To investigate this possibility we have studied the prevalence of penicillin and cephalosporin resistance among strains of non-PPNG isolated from patients attending the Praed Street Clinic for Sexually Transmitted Diseases. We have also examined the genetic basis of chromosomal resistance to penicillin and cephalosporins in these strains.
Materials and methods
Strains of Ngonorrhoeae Nine hundred and forty-one isolates of non-PPNG were examined, all from patients attending the Praed Street Clinic, St Mary's Hospital, London between 1984 and 1988. Twenty isolates of non-PPNG were collected each month, the first ten isolates from men and from women, which we have shown previously to be representative of the whole population.`1 Susceptibility testing was performed using an agar dilution technique described previously.5 The inoculum was 105 colony forming units (cfu) and the media were incubated at 36°C in 6% carbon dioxide for 48 or 24 hours for DST agar and GC agar respectively. The MIC was read as the lowest concentration of antibiotic to give complete inhibition of growth.
The majority of antibiotics used were in the form of Adatabs (Mast Laboratories). These included penicillin (4-0-0-008 mg/l), cefuroxime (4-0-0-008 mg/l), cefotaxime (0-25-0-001 mg/l), tetracycline (8-0-0-03 mg/l), fusidic acid (4 0-0 03 mg/l) and erythromycin (4 0-0.03 mg/l). Ceftriaxone (0-25-0.001 mg/l, Roche), was also used.
Auxotyping and serotyping
The nutritional requirements of the isolates were determined using the chemically defined medium described by Copley and Egglestone.'4 Strains were tested for their requirement for proline, arginine, hypoxanthine, uracil, methionine and histidine. The serovar was determined by coagglutination using a panel of monoclonal antibodies raised to the major outer membrane protein, PI, of N gonorrhoeae and bound to Staphylococcus aureus and using the method described by Knapp et al."5 DNA preparation DNA was purified from penicillin resistant strains according to a method adapted from that of Sparling." For each strain used, the overnight growth from 40 GC agar plates was suspended in saline-citrate buffer (0-15 M sodium chloride, 0-015 M sodium citrate). Sodium dodecyl sulphate (SDS) was added to a final concentration of 5% (w/v) and the suspension stirred for three hours at room temperature. Addition of two volumes of ice-cold 95% (v/v) ethanol yielded a fibrous precipitate which was dissolved in 1 M sodium chloride and centrifuged at 38,000 x g for one hour at 40C. The supernatant was removed and the crude DNA fibres were precipitated using 95% (v/v) ethanol, washed in 75% (v/v) ethanol and dissolved in saline-citrate buffer.
The fibres were deproteinised twice by addition of that Sparling et aP found in these strains was probably due to differences in susceptibility testing methods rather than the absence of the locus. Only third level transformants from the clinical isolate E43 showed increases in the MICs of erythromycin, fusidic acid and tetracycline, in addition to the penicillin MIC. These third level transfonnants Table 3 Susceptibility to Table 4 Susceptibility to penicillin, erythromycin,fusidic acid and tetracycline for the genetically characterised strains The close correlation between chromosomal resistance to penicillin and reduced susceptibility to cephalosporins which we describe has been noted by others. 6 We have demonstrated that this association occurs in the isogenic series FA19, FA102 (penA), FA136 (penA, mtr) and FA140 (penA, mtr and penB). This also confirms the previous findings of Dougherty et al' using a separate isogenic series of strains. In addition we have shown that DNA from five clinical isolates resistant to both penicillin and cefuroxime was able to transform sensitive recipient strains to increased resistance to both penicillin and a range of cephalosporins in a similar incremental fashion. The pattern of susceptibility to erythromycin and fusidic acid in the transformants from the second-and third-level does differ from that of the FA series. We are, at present, unsure whether this indicates the presence of mutations at different loci controlling penicillin resistance. One major difference is that a laboratory mutant strain was used for donor DNA by Sparling et alt and we have used donor DNA from clinical isolates. There are small differences in the incremental increases in the MICs of penicillin and that of cephalosporins between the clinical transformants and the isogenic strains. Whilst these might reflect minor differences in the genetic loci involved they could also be caused by variation in the technique of susceptibility testing. Small differences in the physico-chemical behaviour of penicillins and cephalosporins in relation to penicillin binding proteins and cell wall permeability barriers of resistant strains may also contribute to this. These results show that the genetic control of chromosomal resistance to penicillin is closely related if not identical to that of resistance to second and third generation cephalosporins. The use of penicillin will exert some pressure on strains to become more resistant to both. This is in addition to the selective pressure for cephalosporin resistance exerted by the widespread use of ceftriaxone. Full characterization of the mutations involved in cephalosporin resistance in gonococci will require analysis of penicillin binding proteins and of outer membrane structure in relation to cephalosporin permeability.
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